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AHAJIN3 BbICOKOCKOPOCTHDbIX
ONTUYECKUX CUTHAJIOB

C MOMOLLLbIO
CTPOBOCKOMUYECKOIO
OCLIUINIOTPAGA

B.Enuganos, B. Mopapetko, Keysight Technologies

B BbICOKOCKOPOCTHOW Nepepaye onTUYeCKUX CUrHa-
nos, Hanpumep cuctemax DWDM, nosBasAoTCcS No604-
Hbl€e WYMbl, OT KOTOPbIX CUFHA/1 MOXET 6biTb “o4nLyeH"
TONbKO KOHBEPTUPOBaHUEM ONTUYECKOro CUrHana

K 3neKTpuyeckomMy Buay n o6patHo. CyiectsyeT Bepo-
SITHOCTb NOSAIBAIEHUS U BUTOBbLIX OLLUMBOK, MU HAKOM/IEHUS
JXXUTTepa, NpusoAsiumne K noTepu CUHXpOHU3aLUN.
Taknm 06pasom, NpeasioxeH CTPo60ocKoNUYecKnn
ocuunnorpad ANns TOYHbIX USMEPEHUN XapaKTePUCTUK
LMPPOBbIX YCTPOMCTB, B TOM YMCIIE, ONTUYECKUX NPU-
emonepefaTyMKkoB, NpeaHa3sHayYeHHbIX AJ15 nepepayun
OaHHbIX CO CKOPOCTbIO OT 50 M6uT/C 8o 80 ré6muT/c

n 6onee n nsmepuTesbHas CMCTEeMa Ha ero OCHoBe.

WUTBIBass [AUHAMHYHBIN POCT IOTpebHOCTEH
B Ilepefiade MHOOPMAILIMH, BO3pacTaHHe TpeboBa-
HUI [0 Ka4yecTBy Iepeladu, TpeGOBaHUI 3alllH-

IIeHHOCTH M YIIPaBAsSeMOCTH coefAuHeHHM, MCI-T

(cekTOp CTaHAApPTH3aLMK MeXKIYHApPOLHOIO COI03a

371eKTPOCBSI3H) pa3pabaThiBaeT M COBEPIIEHCTBYeT CTaH-

JapThl Ha Iepegavyy HHPOpPMAaLIUH B OIITHYECKUX CUCTe-

Max. OIHHM U3 OCHOBHBIX HAIIPAaB/IeHUH JeqaTelbHOCTH

MCD-T cTasio MpUHATHE KOHLIETIIHY ITIOCTPOEHM S TPAHC-

IIOPTHBIX CeTeH, OIybIMKOBAaHHOM B BHE PeKOMeH[a-

1 G.805, 1 pa3paboTKU Mofiesiell TPAaHCIIOPTHBIX CeTek,

6a3HpYIOIIKXCSI Ha BOJIOKOHHO-OITHYECKUX K pajJrope-

JIEMHBIX CHCTeMax Iepefa4H. IIpy 3TOM OCHOBHASI POTb

OTBOJAMTCSI, KOHEYHO, BOJIOKOHHO-OIITUYECKHUM CHCTe-

MaMm. Ctpobockormdeckur ocuorpad Keysight DCAX

86100D 1103BOJISIET [IPOBOAMTH TOUHBIE M3MEPEHU ST XapaK-

TePUCTHK LUPPOBBIX YCTPOLICTB CO CKOPOCTBIO TIepeAayn

IaHHBIX 0T 50 MbuT/c 1o 80 T6uUT/Cc U Horee.

THITIOBBIe IIPHUJIOKEHHUS TAKOIO OCLMIIIOrpada BKIIIO-

YaloT B cedst:

* M3MepeHHe XaPAKTEePHUCTHK ONTHYECKHX CHIHAJIOB
IIpY pa3paboTKe U ITPOK3BOACTBE ITpHeMoIIepeaTdk-
KOB;

* U3MepeHHe XapaKTePUCTHK 3JIeKTPUYECKMX CHIHa-
JIOB IIpYU pa3paboTKe U TeCTHPOBAHUH CIIELIMAJIH3H-
POBaHHBIX MHTEIPa/IbHEIX cxeM U ITJINC;
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ANALYSIS OF HIGH-SPEED
OPTICAL SIGNALS

USING SAMPLING
OSCILLOSCOPE

V.Epifanov, V.Morarenco, Keysight Technologies

In high-speed optical signal transmission, e.g.,

in DWDM systems, an additional noise appears
which can be removed from the signal only by
converting the optical signal into an electrical

one and vice versa, or a risk of bit errors arises,

or the accumulation of jitter causes a loss of
synchronization. Thus, a sampling oscilloscope
for accurate characterization of digital devices,
including optical transceivers for transmitting data
at arate of 50 Mbit/s to 80 Gbit/s or more, and the
measuring system on its basis were proposed.

n view of the dynamic growth in demand for

information transfer, increasing requirements for

the quality of transfer, security, and connections

control, ITU-T (International Telecommunication
Union) develops and improves standards for
information transmission in optical systems. One
of the main activities of ITU-T is the adoption of the
concept of transport network building, published in
the form of Recommendation G.805, and transport
network modeling development based on fiber-optic
and radio-relay transmission systems. At the same
time fiber-optic systems, of course, have to play the
main role.

Keysight DCA-X 86100D sampling oscilloscope allows
to perform accurate characterization measurements of
digital devices with a data rate of 50 Mbit/s to 80 Cbit/s
or more.

Typical applications of this oscilloscope include:

« characterization of optical signals when designing
and manufacturing transceivers;

« characterization of electrical signals
developing and testing ASICs and FPGAs;

« measurement of reflection and transmission
parameters in the time domain and S-parameters
when developing serial buses and cables, and
characterization of PCBs.

The design of Keysight 86100D DCA-X oscilloscope
(Fig.1) provides a successful combination of
performances. An analogue wide bandwidth, a small
value of jitter inserted in the signal and a low noise

when
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¢ H3MepeHHe IIapaMeTpOB OTPasKeHHUSI U Ilepefadyu
BO BPeMeHHOH 00/1acTH M S-IIapaMeTpoB IIpHU pa3pa-
60TKe IIOC/IEJOBATEIBHBIX LITMH, KabesIel U orrpesiere-
HHe XapaKTePUCTHUK I1eYaTHBIX I1/1aT.

B xoHCTpyKumu ocumiorpapa Keysight 86100D
DCAX (puc.l) HamfieHO ygauHoe coueTaHHe pabouux
XapaKTepUCTHK. IIIMpoKasi aHaIoroBast Iojoca IIPOIly-
CKaHMS, Majoe 3HadyeHHe BHOCHMMOIO B CHTHAJl JIDKHT-
Tepa M HU3KHUH ypOBeHb COOCTBEHHBIX IIyMOB II03BO-
JIAI0T IIPOBOAUTDH TOYHBIE H3MEPEHUS XaPaKTEPHUCTHUK
ONTHYeCKUX U JEeKTPHYECKUX YCTPOHCTB CO CKOPOCTEIO
repefjauy JaHHBIX 0T 50 Mbut/c no 80 I'6ut/c. Ba3oBbii
610K obecriedyrBaeT OCHOBY ISl ITyOOKOrO aHAIK3a Pas-
paboTky, BrIOYAST PYHKIHIO KOMIIEHCAITUU 3PeKToB
BO3/eHCTBHS KabesIel U TeCTOBBIX IIPUCIIOCOBIEHHE, YTO
I03BO/ISIeT IOBBICUTh TOYHOCTh U3MEPEHUM U AaeT BO3-
MOSKHOCTD OIIpeJle/IUTh peasibHble XapaKTepPHUCTHKU pas-
pabaThIBaeMbIX YCTPOMCTB.

MopnynbHasi KOHCTPYKLMS IIO3BOJISIET HapalllM-
BaTbh BO3MOSKHOCTH CHCTEMBI II0 Mepe HeoOXOIHMOCTH.
Ocumnnorpad DCAX mopzepsKyBaeT MIMPOKHE Habop
Mofynen [l TeCTUPOBAHHS ONTHYeCKHUX U JeKTpHYe-
CKHUX YCTPOHCTB. MOKHO BBIOPATh MOAXOMSIIHI MOMIYIIb,
0becIIeurBAONIUE HY>KHOE 3HaUeHHe IT0JI0ChI ITPOITyCKa-
HUS, GUIBTPALINIO U YyBCTBUTEIBHOCTD. C 6a30BbIM 6710
KoM DCA-X MOT'yT HCIIOTIb30BaThCSI JII0ObIe MOLYJIH CeMeH-
ctBa DCA, mipu 3T0M obecrieunBaetcs 100%-Has obpaTHas
COBMECTHUMOCTb € 6a30BbIM O10k0M 86100C [IpeJbIAYIIero
IIOKOJIeHU .

CucreMa MMeeT THIIOBble KOHPUIYpaLIUH (puc.2).
Jist ymoberBa aKcIvIyaranuu B ocupuiorpade Keysight
DCAX 86100D mMeroTCs ABa IO/Ib30BaTe/IbCKUX HHTEp-
derica. OoyH - KJIacCHYeCKUM UHTepderc aHa/Iu3aTopa
curHanoB nuopoBor cBs3u (DCA) st obecriedeHUs
IIOJTHOM OOPaTHOHM COBMECTHMOCTH C PaHee BBIITyCKaB-
IIMMUCS MOAesIMU 6a30BbIX 6710KOB. JIpyror — HOBBIE
unrepoeric FlexDCA, KOTOPBIN 0beCIieurBaeT IOIOTHU-
TeJIbHBle M3MepUTeslbHble QYHKLUHUK K PaCHIMpeHHbIe
BO3MOKHOCTH aHaJIM3a CUTHAJIOB.

Vcrionp3ysl pa3nu4Hble COYeTaHHs 6asoBoro 6r1oka
Y MOJy/Ie, pa3paboTUrKU LIPPOBBIX YCTPOKICTB MOTYT
[IOJIYYMTh YeThIpe UHCTPYMEHTa C JIYYIIMMHU B OTPaC/IU
XapaKTepHUCTUKAMU:

*  NONHOMYHKUMOHA/bHbINA ocuuiorpad C I10JI0COM
rpomnyckaHus g0 80 ITii, 00eCIIeunBaOIIUN TOYHOe
M3MepeHMe [IapaMeTPOB CUTHaJla,

e aHanusaTop CUrHanoB LV$poBoN cBsi3N C GYHKIHEL
ABTOMAaTHUeCKOT0 aHa/IK3a IVIa3KOBOM JHArPaMMBI
IIpY IIPOBeJIeHUH HCIIBITAHUU Ha COOTBETCTBHE Tpe-
6OBaHMSIM CTAaHJAPTOB;

* Camblii TOYHbIA B OTPAC/AM AHAN3ATOP AXKUTTEpA
U IIOMex, 06eCIIeuyrBaOIINE OLHOK/IABUIIIHEIE H3Me-
peHH s CyBKOMIIOHEHTOB HCTOYHHKOB IKUTTEPA;

i g

Puc.1. Ocuyunnozpag Keysight 86100D DCA-X u e20 modyau
Fig. 1. Outside view of Keysight 86100D DCA-X oscilloscope
and its modules

level allow for accurate measurement of optical and
electrical characteristics of devices with a data rate
of 50 Mbit/s to 80 Gbit/s. The mainframe provides a
basis for an in-depth design analysis, including the
compensation function for the cables and test fixtures
effects that improves measuring accuracy and provides
an opportunity to determine the actual characteristics
of the developed devices.

The modulardesign allows increasing the capabilities
of the system if needed. DCAX oscilloscope supports a
wide range of modules for testing optical and electrical
devices. It is possible to select an appropriate module,
which provides the desired bandwidth value, filtering
and sensitivity. Any module of DCA family can be used
with DCA-X mainframe, besides that 100% backward
compatibility with the previous 86100C mainframe is
provided.

The system has typical configurations (Fig. 2). For
ease of use, Keysight DCAX 86100D oscilloscope has
two user interfaces. One is a classic interface of the
digital communications analyzer (DCA) to ensure
full backward compatibility with previously released
mainframe models. Another one is the new FlexDCA
interface, which provides additional measurement
functions and advanced signal analysis.

Using various combinations of the mainframe
and modules, developers of digital devices can get four
instruments with industry-leading features:

* a full-function oscilloscope with a bandwidth up to
80 GHz, ensuring accurate signal measurements;

+ a digital communications analyzer with automated
eye diagram analysis for standard compliance
testing;

» the industry’s most accurate jitter and interference
analyzer, providing single-button measurements of
jitter subcomponents sources;

* a full-function time domain reflectometer for high
precision impedance and S-parameter analysis.
With the help of the toolbar and drop-down menu,

you can perform different types of measurements,

and specific types of measurements depend on the
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*  NOAHOQYHKLMOHAJIbHbIN pedeKTOMeTP BO BpeMeH-
HOM 0071aCTH /1T BBICOKOTOYHOIO aHAaIM3a HMIIe-
JaHCa ¥ S-TIapaMeTpoB.

C IIOMOIITBIO TAaHeTH MHCTPYMEHTOB UM BBIIIAJAIOIIMX
MEHI0O MOKHO BBIIIOJIHHTBL paslIHYHbIe BHALI H3Mepe-
HUI, IIpUYeM KOHKpeTHbIe BHUBI M3MepeHHI 3aBUCST
oT peskuMa paborsl DCAX. CocTaB JeMOHCTPAL[MOHHOM
HM3MepHUTENBHON CHUCTeMBI [I/ISL aHAIH3a BBICOKOCKOPOCT-
HBIX OITHYeCKUX CUTHAJIOB IIPeACTaB/IeH Ha PHUCYHKe 3.
B KadecTBe MCTOYHHMKA CUTHAJIa B JAHHOM H3MepPHUTeNb
HOM CHCTeMe HCIIOb3yeTcsi 67I0K reHepaTopa LIMGPOBBIX
I10C/IeIOBATENIBHOCTEN TecTepa Ko3bduirieHTa 6UTOBBIX
omrbok (BERT) Keysight N4960A. ITapaMeTpbl CUIHaJIA:
YacTOTa CHHTEe3aTopa TaKTOBOrO CUrHaa — 5 ITII (TakuM
06pa3oM, CKOpPOCTb CHUTHajda cocTaBiaseT 10 I6uT/c),
aMIIMTyga curfHasa 0,5 B.TuUIl mociemoBaTe/lbHOCTH
CUTHasa - Icepfocnyyarnas (PRBS). [JIKHa mocienoBa-
TeJIBHOCTU — 127 CUMBOJIOB.

DNIeKTPOONITHYeCKHN ITpeobpasoBaTens Keysight
81490A (onopHLu?I Hepe,[[aT‘-II/IK), HaXOOAIIHICI B H3Me-
PHUTENBHOM ONTHYeCKOM CHCTeMe, HAaCTpoeH Ha AJIMHY
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mode of DCA-X. The components of the demonstration
measuring system for high-speed optical signal analysis
are shown in Figure 3. In this measuring system, the
digital-pattern generator of Keysight N4960A bit error
rate tester (BERT) is used as a signal source. Signal
parameters: frequency of the clock synthesizer is 5 CHz
(thus, signal rate is 10 Cbit/s), signal amplitude is 0.5V.
The type of signal sequence is pseudorandom (PRBS).
Sequence length is 127 characters.

Keysight 81490A electro-optical converter (reference
transmitter) located in the measuring optical system
is set to a converted optical signal wavelength of 1305.3
nm. The sampling oscilloscope mainframe includes
two modules: 83496B clock recovery module and 86105C
measuring module with two channels, one optical and
one electrical. It should be noted that the bandwidths
of the optical and electrical channels are 9 and 20 GHz
respectively.

In Scope Mode (when Scope key is highlighted on
the front panel or Oscilloscope caption in a green oval
is displayed in the upper left corner of the screen), the

AnnapaTtHble onumn 86100D

Onuwum 3anycka (BbI6paTb TO/IbKO OfHY)

STR — cTaHAapTHbIE BO3MOXHOCTU, NCMO/b3YeTCs TONIbKO
N5 6a30BbIX U3MEPEHUIA TN1A3KOBbIX ANArpamMm

ETR — paclumpeHHble BO3MOXXHOCTW, UCMOJIb3YeTCs
Npv U3MepeHKsaX NoCeA0BaTeNbHOCTEN CUTHAN0B
v aHanmse oxuTTepa

OnuuMu AUCTAaHLMOHHOTO YNpaBneHus
(BbI6GPATb TO/ILKO OfHY)

GPI —ycTaHoBNneHa nHTepderncHas kapta GPIB
GPN — 6e3 nHTepdencHon kaptbl GPIB

BasoBbiii 610k Keysight Infiniium DCA-X 86100D

MporpaMMHble onuumn 86100D (BbIGpaTh Nt06YH0)

061/062 — nakeT nporpaMmMmHoro obecneyeHvs MATLAB

200 — pacluMpeHHble BO3MOXHOCTU MO aHann3y AxxmTrepa

201 — paclumMpeHHble BO3MOXHOCTM MO aHann3y CUrHanos

202 — pacwmpeHHble BO3MOXHOCTW MO M3MEPEeHUI0 MMMNeaaHca U S-napaMeTpos
300 — pacluMpeHHble BO3MOXHOCTU NO aHan3y aMiAnTYAHbIX NapaMeTpoB, Wyma
Q-Scale SIM — nporpamma InfiniiSim-DCA ans BHeapeHus

86100DU-400 — nporpaMmMa aHanunsa cnuctem GpasoBor aBTOMNOACTPOVKM

86100DU-401 — paclumpeHHble BO3MOXXHOCTM MO aHann3y ria3koBbixX

NpefbiCKAXEHWI U UX KOPPEKLMY

4acCTOoTbl U A)KNTTEPA CreKkTpa

[Avarpamm (AXUTTep Ha nocneaoBaTenbHOCTU PRBS31)

SneKTpuyeckuii/ dneKTpuyeckuin/ dneKTpUYeckun
[®AMY [®AMY 20,40T6uTt/c
otlpaol2réur/c oTl0014.216ut/c (BbICOKOMPOW3BO-
86112A (BbICOKOMPOU3BO- [OUTENbHbIN)
[lga KaHana AUTENIbHbINM) 86118A
[Monoca npornyckaHus 86108A [1Be BbIHOCHbIE
6onee 20 'L, KaXXa0ro [1Be BbIHOCHbIE FO/I0BKMK, FO/I0BKN,
834968 noJ/10ca NnponyckaHms no/10ca NnpomnyckaHms
BOCCTaHOB/EHME 6onee 32 'L, Kaxkaas 6onee 70 ML, Kaxkaas
TaKTOBOro CUrHana CEEPOEHIAELY) 86107A
(onumm-100, ESEEROLL BN O'-'ODH""M BCTPOEHHbIN
-200,-300) rE€HEPaTOPOM N CXEMOU MPEeLWI3MOHHBIN

Puc.2. Tunosbie kKoHGu2ypayuu usmepumebHol cucmemsl Ha 6ase ocyunrozpada Keysight 86100D DCA-X.

BOCCTaHOB/IEHUS
TAKTOBOW YaCTOTbI

OMOPHbIN reHepaTop
(onums -040)

onTuyecknin OonTuyeckni Mogaynb
otlpol2rewur/c 20, 40T6uT/C pednekromerpa
86105C 86116C 54754A
9Ty, 65Ty, LnddepeHumanbHbIn
ONTUYECKNI KaHan ONTUYECKUI KaHan JlBakaHanano 18y,
20Ty 80rTy MpuMeyaHme:
3NEKTPUYECKUI KaHAN | | 3NeKTPUYeCKUi KaHan VO TEIEE
86107A 86107A paboTaTh Kak
BCTPOEHHbIN BCTPOEHHbIN 18 [T, ABYXKAHAIbHbINA
NpEeLM3NOHHDIA MPEeLV3NOHHbIA NpUEMHWMK
OMOPHbIN reHepaTop OMOPHbIN reHepaTop INEKTPUHECKNX
(onums -040) (onums -040) CUrHaIoB

N\

/

* [115 nonyYeHuUs KOHCyAbmauuu no KoHuzypauuu cucmemsl 05 KOHKpeMHO20 NpUAOXKeHUst obpamumecs 8 npedcmasumens-
cmeo komnaHuu Keysight
Fig. 2. Typical configurations of the measuring system based on Keysight 86100D DCA-X oscilloscope.
* For advice on the system configuration for a specific application, contact the representative office of Keysightl
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signal is displayed on the screen. Since the triggering
system is not set up, initially you cannot observe
a clear digital sequence on the oscilloscope screen
(Fig.4).

Now, adjust the clock recovery system. For this,
use 83496B clock recovery module, which is capable to
restore a clock pulse sequence of electrical or optical
signals. Further, this module sends a recovered signal
to the triggering system, and a residual (70%) signal to
the output channel of 86105C measuring module. In
this case, the synchronization system will operate a
clock-data-recovery (CDR Mode) (Fig. 5). When the clock
recovery module is not used, then a trigger signal shall
be separately sent to the front panel. Moreover, the
value of its frequency shall be devisable by the frequency
of the signal.

Now the conditions for the measurement and
analysis of the optical signal are created. It should be
remembered that the oscilloscope also offers several
other modes of operation: jitter analysis, eye diagram.
. . Let us analyze the eye diagram of the tested digital

p A at B ) signal. To do this, go into Eye Mask Mode by pressing
: ’ the button on the front panel or by clicking the color
button in the upper left corner and selecting Eye/Mask

M

R

Puc.3. Cocmas usmepumenbHoli cucmembl: a — 6A0K 2eHepa-

mopa nocaedosamenbHocmeli BERT N4951B, b - koHmpon- Mode. ) . ' .
Aep U cuHme3amop makmoeoli cuzHana N4960A cucmembi In the eye diagram mode (Fig. 6), the user is provided
BERT, c - 6a308blli 610K u3mepumeAbHol onmu4eckoll an opportunity to determine extinction ratio, average

cucmembi 81648, d - modyAb 0nopHozo nepedamuuka 81490A, | power of the signal, rise time and fall time, total jitter
e - 6a308bll 610K cmpobockonu4eckozo ocuyuanozpagpa DCA-X and other characteristics
86100D, f - Modynb 80CCMAH0BAEHUS MAKMO08020 CUZHANG . : . .

- Let us now analyze jitter in the digital signal tested.
834968, g - MiamepumenbHbil modyab 86105C ¢ onmuyeckum do thi . . b . he b
U 3neKmpuYeckuM KaHanamu To do this, go into Jitter Mode by pressing t e uttpn
Fig. 3. Measuring system components on the front panel or you can select Jitter/Noise with

one mouse click on the colored button in the upper left

BOJIHBI I1Peo6pa3oBaHHOrO ONTHUYECKOTO CHUTHala -
1305,3 HM. B 6a3oBblli 670K CTPOOOCKOITHYECKOTO
ocumiorpadga IOMeNIeHbI JBa MOAY/ISA: MOAY/Ib BOC-
CTaHOBJIEHH S TAKTOBOI'O CUI'HaJIa 83496B U MOny/b H3Me-
PUTE/IBHBIM C ONITHYeCKUM U 3/1eKTPUYeCKUM KaHa/TaMH
86105C. 3amMeTHM, YTO II0JI0CA IPOIYCKAHHA COOTBET-
CTBEHHO OIITHYECKOr0 U IeKTPHYECKOro KaHajla paBHa
9u 20 ITir.

Haxonsice B pexkuMe ocLyuiorpada (Toraa Ha Iepen:
Hel IIaHeH IIo[CBeyeHa KHOIIKA Scope HIHU B JIEBOM
BepxHeM YIJIy 3KpaHa oTobpaskeHa HamKch Oscilloscope
B 3eJIeHOM OBajle), Ha SKpaHe IIONy4yaloT oTobpaske-
HHe CMrHajia. Tak Kak CcHMCTeMa 3allyCKa He HACTPOeHa,
Ha 3KpaHe oCLM/UIorpadga M3HA4a/JbHO Bbl HE MOXKeTe
HabmogaTh 4eTKyl LHUQPPOBYIO IIOC/IEOBATENIbHOCTD

vc.4).

(puc4) Puc.4. CuzHan He CUHXPOHU3UPOBAH C CUZHAAOM 3ANYCKa
Temepe HACTPOMM CHMCTeMY BOCCTAHOBNIEHHS TaK™ |  fig 4. The signal is not synchronized with the triggering

TOBOTrO CHTHasa. LISl 3TOr0 BOCIIONB3yeMCsl MOTYNTeM | signal

BOCCTAHOBJIEHHSI TaKTOBOIO CHUTHasa 83496B, KOTOPBIM

i
¢

_
—
m
=
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CrI0cob€eH K3 37IeKTPHYECKOr0 HIIK OIITHYeCKOro CUIHaIa
BOCCTAHOBUTH TAaKTOBYIO IIOC/IEIOBATEIBHOCTh MMITY/Ib-
coB. [lasiee 3TOT MOZY/b IIOAAET BOCCTAHOBJIEHHBIM CHUI-
HaJI Ha CHCTeMy 3aIlycKa, a OCTaBIIMICS (70%) CUTHAI -
Ha BBIXOOHOM KaHa/I M3MepHTe/IbHOro Mopmyis 86105C.
CucTeMa CHHXPOHU3ALIMU B JAHHOM CiIy4ae OymeT pabo-
TaTh I10 BOCCTAHOB/IEHHOMY TaKTOBOMY CUTHa/ly LIUPO-
BOM IIoc/enoBaresibHOCTH (peskuM CDR) (puc.5). Korma
MOZY/Ib BOCCTAHOBJIEHHSI TAKTOBOTO CUTHA/IA He KCIIONb-
3yeTcs, TOIZIA, OTAENBHO, Ha ITepeJHIO IIaHelb HeobXo-
IHIMO II0IaBaTh CUTHAJI 3aITycKa. [Ipryem 3Ha4YeHHe ero
YaCTOTHI JOJIKHO ObITh KPAaTHBIM YaCTOTE OIITHYECKOrO
CHUTHaJIA.

Teriepb CO3ZAHBL YCIOBHSL IJIsI IIPOBEAEHHUS H3Mepe-
HHSI M aHQJIK3a OIITHYEeCKOro CUTHasa. Hajo y4ecTs, 4To
B OCLHLIOrpade IIpefyCMOTPEHBl HEeCKOIBKO IPYIHX
PESKUMOB paboThL: PeSKUM aHAIH3A IKUTTEPA, PESKHUM
[7Ia3KOBOM [JHUArpaMMbl. IIpoaHanu3upyem I7a3Ko-
BYI0O JHArpaMMy McClIeflyeMoro LMGPOBOrO CHUIHaIA.
Jyist sToro meperiieM B pekuM Eye Mask HaskarreMm
KHOIIKK Ha IlepefHel I1aHelIH MO0 KIMKOM MBIIIBIO
B JIEBOM BepXHeM YIJIy II0 I[BETHOM KHOIIKEe M BbIbepeM
pexxum Eye/Mask.

B peskrMe OTOOpaskeHHUs INIa3KOBOHM [HMarpaMMEI
(puc.6) IONB30BATENI0 IIPeOCTaBIeHA BO3MOSKHOCTD
orpenenuTh Ko3POUIIMEHT 3aTyxaHus (Extinction Ratio),
CPefHIOI MOIIHOCTh CHUTHAJIA, BpeMs HapacTaHHS
Y BpeMs CIIafid, BeIMYMHY 06IIero IKUTTepa U ApPyrHe
XapPaKTEPUCTHUKH.

[IpoaHaIHU3UpPyeM Telepb AKUTTEpP HCCIeLyeMOro
L1bPOBOro CUrHaIa. [IJIs 3TOTO IIepeliieM B peskKHM Jitter
HaskaTheM KHOIIKH Ha IepefiHer IIaHeIH IHb0 oqHHUM

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
BOJIOKOHHO-ONTUYECKMUE TEXHOJ/IOTU/ .
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

=
(B!
-~
=

Puc.5. CuzHan cuHXpoHU3Up0oBaH ¢ 80CCMAHOBAEHHbIM MAK-
MOBbIM CUZHANOM

Fig. 5. The signal is synchronized with the recovered clock
signal

corner. When activating the jitter measuring mode,
the instrument automatically decompose jitter into
components and displays the results in graphical and
tabular forms (Fig.7).

In this mode, we can determine the values of
different jitter components and, depending on which
one is dominant, understand the problem of this
digital stream. Thus, it is easy to determine TJ, R], DDJ,
PJ, DCD and others (Fig.8).

Using BERT N4960A system, it is possible to insert
various jitter components at different frequencies and

Puc.6. AHanu3 znaskosoll duazpammbl Luppoeo20 onmuve-
CK020 cUz2Hana
Fig. 6. Digital optical signal eye diagram Analysis

Puc.7. PaznoxeHue d>xummepa Cu2Hand Ha cocmasasiouiue
U 20 aHanu3

Fig. 7. Jitter decomposition into components and jitter
analysis
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( Total Jitter (T)) O6LWMI AXKMUTTED )
|

[

|

Bounded Jitter
OrpaHnYeHHbIR AKNUTTep

Data Dependent Jitter (DD))

Deterministic Jitter (D))
JleTepMUHUPOBaHHbIN
(perynsapHbii) AxunTTEp

Unbounded Jitter
HeorpaHWyeHHbIN
LKNTTEP

3aBUCALLMI OT AAHHDBIX

] Uncorrelated Jitter (U))

(MHdOpMaLMOHHOrO cMrHana)
IKNTTEP
I

[ |
Inner-Symbol Duty Code Distortion (DDC)
Interference (ISI)

Periodic Jitter (P)) or
Bounded Uncorrelated
Jitter (BUJ) I
MepuoanYecKmnin AXXUTTEP [ |

HekoppennpoBaHHbI
C MHOOPMALMOHHbIM
CUTHANOM AXNTTEp

O Correlated or Uncorrelated to Data
KoppennpoBaHHbIN
WV HEKOPPEeNMPOBAHHbIV
C MHPOPMALMOHHBIM CUTHANIOM

O Correlated to Data
KoppennpoBaHHbIN
C UHPOPMALMOHHBIM
CUTHANOM

Puc.8. O630p pasnu4HbIx KOMNOHeHMOo8 OXXummepa
Fig. 8. Review of the various jitter components

_ WM OrpaHUYeHHbIN Asynchronous Random
AoknTTep, BbI3BAHHDIN HEKOPPEeMPOBaHHbIM Periodic Jitter Jitter (R))
MeXcMBO/IbHaS e ETAIREUELS C MHBOPMALIMOHHBIM (not reported) CyYaHbIi
nHTepGepeHLna MIDELER AL CUFHANOM [KNTTED ACUHXPOHHbI7 IKUTTED
nepuoaANYECKUi
IKUTTED

Uncorrelated to Data
HekoppenvpoBaHHbI
C UIHGOPMALMOHHbIM
CUrHanoM

(He cneund.)

KJIHMKOM MBIIIBIO B JIeBOM BepXHeM YIVIy IO LIBeTHOK

KHOIIKe BRIOMpaeM pe>kUM Jitter/Noise. [Ipy akTHBALIH

pe’kMMa M3MepeHMs IKUTTepa IpUbop aBTOMAaTHUe-

CKU ITPOBOIUT pas/ioskeHHe ASKUTTepa Ha COCTAB/ISIONILe

1 oTob6paskaeT pe3y/IbTaThl B rpaduyueckoM U TablIHYHOM

BH7Ie (pHC.7).

B TakoM pe>krMe MBI MOSKeM OITpe/le/TUTh 3HaUeHH s
PA3THYHBIX COCTAB/ISIIOIIMX [PKUTTEPA U B 3aBHCHMO-
CTH OT TOrO, KaKasi U3 HUX JOMUHUPYeT, IIOHSITh, B UeM
mpobneMa AAHHOIO IIMPPOBOro Ioroka. TakuM obpa-
30M, Jierko ompenenuts 1], RJ, DDJ, PJ, DCD u gpyrue
(puc.8).

C nomomisio cucteMbl BERT N4960A B reHepHpYyeMBbIH
CHTHaJI MOSKHO 'TIOZIMEIIHBATh' Pa3THYHbIe COCTABIISIO-
IIKe ISKUTTePa Ha Pa3/IMYHBIX YAaCTOTaX U C Pa3/IMYHOM
aAMIUIUTY#OM. TakUM 06pa3oM, IIPOBOASTCS 'CTpecco-
Bble" HCITBITAaHUS KOMIIOHEHT CHCTeM Ilepeflaul JaHHBIX.
"CTpeccoBble’ HCIBITAHUS HeOOXONWMBI JJIsS KaJIubpo-
BaHHOTO yXy/IIIeHHs [lepejaBaeMOro CUTHajlIa, KOTopoe,
B CBOIO OYepeb, HCIIONB3YeTCs MJIsl IIPOBEPKU YCTPOH-
CTBa Ha JOIYCKaeMBbIK YPOBEHb BHEIIHHX BO3ELCTBHUH.
PacCMaTpUBAIOT TPH KJacCa COCTABJISIOMIMX BHEIIHETo
Bo31ercTBu ('cTpecca’):

* BO3JENCTBHUS HA IKUTTep CurHaia (Jitter Stresses)
IIPOSIB/IIIOTCS. B BHJE BPeMeHHBIX OTKJIOHEeHHH
I7Ia3KOBOM [HMAarpaMMBbl OT H/EAJIbHOHM, TeOpeTH-
yeckoH (puc.9a). Korga mMbl CMOTPUM Ha IJIa3KOBYIO
ouarpaMmy, Mbl HabmiomaeM [IposkaHHe CHTHala
1 CTpeMJ/IeHHe IJ1a3Ka K 3aKPBITHIO B TOPU30HTA/Ib
HOM HaIlpaB/IeHUH;

* uHHTepdepeHLIHIO. B JaHHOM C/Iydae ITpe/iCTaBisieT
co60 AaMIUTUTYAHYI0 MOAY/ISLIMIO CUTHAJIA JAHHBIX,

with different amplitudes in the generated signal. Thus,

"stress” tests of data transmitting-system components

are conducted. The "stress" tests are required for a

calibrated deterioration of the transmitted signal

which, in turn, is used to test the device on the
permissible level of external interferences. Three classes
of external interferences ("stress") are considered:
 Interference to the jitter signal (Jitter Stresses) is
manifested in the form of temporary deviations
from the ideal theoretical eye diagram (Fig. 9a).

When we look at the eye diagram, we see signal

deviations and the eye tending to close in the

horizontal direction.

 Interference, representing in this case signal data
amplitude modulation, which is observed in the
form of a vertically closed eye (Fig. 9b).

+ Cross-talk interferences from "aggressors” are a
new class of "stress" signals, they cause periodic
closing of the eyes (Fig.9c). These "stress" signals are
often included in the testing of data transmission
line components on their compliance with the
standards. When testing, these independent
control signals are sent to the end of the
communication line and to the alternate line that
is to the beginning.

Pay attention to the more blurred signal image in
the lower right corner of Figure 10, it occurs due to
increased jitter that is due to external interference to
the resulting signal jitter.

Thus, the use of the system based on Keysight
Infiniium DCA-X 86100D sampling oscilloscope
provides us with the following key features:
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BRI REaE
000 R D,

a)

6) uHmepdepeHUUs; 8) nepekpecmHble nomMexu

Puc.9. Maskosas duazpamma cuzHaa nocae pasAuYHbIX MuUnoe 8HelHezo0 8030elicmaus: a) eo3delicmaue Ha dxummep;

Fig. 9. Signal eye diagram after different types of external effects: a) impact to jitter; b) interference; c) cross-talk

B ORER R EE

Q

Hab/TI0IaeTCs B BU/Ie BEPTHKAIBHOIO 3aKPBITHS IJIa3a

(puc.96);
¢  IIepeKpecTHBIE [IOMEeXH OT "aIPeccopoB’ — HOBBIE KJIacC

'CTpeccoBBIX' CHI'HAJIOB, BBI3BIBAIOT IIEPHOLIYECKOe

3aKpBITHe I7a3a (pUC.9B). Takue "cTpeccoBble” CHTI-

HaJTbI 4aCTO BK/IIOYAIOTCS B UCTIBITAHH ST KOMIIOHEHTOB

JIMHUM Iepelail HHPOPMALIMH Ha UX COOTBETCTBHE

CTaHAapTaM. IIpU TeCTHMPOBAaHHMHM STH He3aBHCH-

Mble KOHTPOJIBHBIE CUTHAJIBI [IOJAI0T B KOHeLl TMHHH

CBSI3U 1 HA JIBTEPHATHBHYIO IMHHIO — B HA4aJIo.

Ob6paTuTe BHUMaHHe Ha H300paskeHHe 6oree pa3Mbl-
TOTr0 CHTHA/Ia B ITPAaBOM HIDKHEM YITIy PUCYHKa 10, OHO
BO3HMKaeT K3-3a BO3POCIIEro I KUTTepa, TO eCcTh H3-3a
BHEIIIHET0 BO3JIEMCTBUS Ha Pe3yIsTUPYIOIIUI JAKUTTEP
CHUTHAJIA.

MTak, KCIOMB30BAaHME CHCTEMBI Ha OCHOBe CTpPobo-
crorryeckoro ocrputorpada Keysight Infiniium DCAX
86100D mpemocTaB/iseT HaM CJIeOyIOliye KJIIOUeBble
BO3MOYKHOCTH
* TeHepal{s CUTHAJA, IIOAABA€MOr0 Ha ITPUEMHHUK,

CO CKOPOCTBIO 1o 32 [6uT/c 1 Hosee (MCIIONB3YsT MY/Ib-

THIUIEKCOPBI PAa3THYHOTO KOHCTPYKTHBHOIO HCIION-

HeHUS;
¢ 'momMenIMBaHUeE' Pa3TMUHBIX COCTABISIONINX ASKHT-

Tepa B CHTHaJI M HM3MepeHHe OTKJIKKA IIpPHeMHHKa

(3aKpBITHe IIa3Ka, AKUTTEPa U T.1.);
 THOKOCTH 10 OTHOIIEHUIO K Pa3THYHbIM HHTepder-

CaM: IeKTPUYECKUM U OIITHYECKHM;
 Haubosee TOYHBIN aHATH3 GOPM CHTHAJIOB U IJIA3KO-

BOM AHarPaMMBl;
¢ ABTOMaTHYeCKOe TeCTHPOBAHHE Ha yIOBJIEeTBOPEHHe

TpeboBaHUI 110 AKUTTePY (Jitter Tolerance Test).

TakuMm o06pa3oM, C IIOMOLIBIO IIPeCTABIEHHON
M3MEpPHUTeIbHON CHUCTeMbl MOXKHO TeCTHPOBATh IIPH-
eMHHUKH Pa3THYHbIX LUPPOBBIX CTAHAAPTOB (HAIpH-
Mep, cTaHAapThl IEEE 802.3ae Ethernet 10GbE, 8G u 10G
Fiber Channel u npyrue). [ |
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« generating the signal sent to the receiver at a rate up to

32 Cbit/s or more (using multiplexers of various designs;
+ inserting various jitter components in the signal

and measuring the receiver’s response (eye closure,

jitter, etc.);

« flexibility in relation to different interfaces: electrical and
optical ones;

+ the most accurate analysis of waveforms and eye
diagrams;

+ automated testing to meet the requirements for jitter

(Jitter Tolerance Test).

Thus, wusing the measuring system, it is
possible to test receivers of various digital standards
(e.g., IEEE 802.3ae Ethernet 10GbE, 8C and 10G
Fiber Channel standards, etc.). [ ]

Puc.10. OmobpaxkeHue pe3yAbmamos usmepeHus OXKummepd
nocne 006asneHuUst 00HO20 U3 KOMNOHEHMo8 0emepMUHUpPO-
8aHHo20 dxxummepa (DJ)3

Fig. 10. Display of the jitter measurement results after
inserting one of the components of deterministic jitter (D)







